Abstract: Administration of topical rebamipide increases the mucin level of tear film and improves the ocular surface in short break-up time type of dry eye. Lid wiper epitheliopathy (LWE) is a disorder of the marginal conjunctiva of the upper eyelid with dry eye symptoms. LWE may be related to mechanical forces during blinking resulting in inflammation of the ocular surface. Rebamipide also has various anti-inflammatory effects. In this report, we tried treatment with topical rebamipide for two cases of LWE. One case had been treated with sodium hyaluronate ophthalmic solution and diquafosol sodium eye drops by other doctors for several weeks. The other case was not previously treated. In both cases, fluorescein staining of the cornea and lid margin was remarkably improved, ocular symptoms decreased, and tear film break-up times increased with rebamipide eye drops four times daily for 2-3 weeks. Topical rebamipide was effective for corneal and conjunctival disorders in LWE. This drug may provide a novel approach to the treatment of LWE.
Introduction
Administration of topical rebamipide increases secretion of mucins from goblet cells and improves the ocular surface in short break-up time type of dry eye. 1, 2 The human eyelid margin looks histologically to be an important structure for the maintenance of tear film. 3 In particular, the epithelium of the crest of the inner lid border is composed of larger cuboidal and less dense typical conjunctival cells together with interspersed goblet cells, which appears to be a suitable structure to spread the tear film. 4 Lid wiper epitheliopathy (LWE) is an alteration of the portion of the marginal conjunctival epithelium of the upper eyelid (the lid wiper) that wipes the ocular surface during blinking and induces dry eye symptoms. [5] [6] [7] LWE has been reported to occur both with and without contact lens wear. 6, 7 LWE may be related to mechanical forces during blinking, resulting in inflammation of the ocular surface. 8 The tear film is composed of a mixture of lipid, lacrimal fluid, and mucins. 9 On the ocular surface, there are two types of mucins. One is a secreted type supplied from conjunctival goblet cells, and the other is a membrane-associated type on the surface of the cornea and conjunctival epithelium. 10 Administration of rebamipide can increase corneal and conjunctival mucins and ameliorate injury of the ocular surface in vivo. 11, 12 Because rebamipide increases mucin production in cultured conjunctival goblet cells 13, 14 and corneal epithelial cells, rebamipide may increase the secretion of both membrane-associated and secreted-type mucins. 15 Previously, an oral rebamipide 
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Itakura et al formulation has been used as an antiulcer agent for gastric ulcers and gastritis. 16 Rebamipide increases gastric endogenous prostaglandin E2 and I2 to promote gastric epithelial mucin, 17, 18 with free radical scavenging activity 19, 20 and an anti-inflammatory effect. 21, 22 Recently, the clinical effects of rebamipide eye drops (Mucosta ® ophthalmic suspen sion UD2%; Otsuka Pharmaceutical Co, Ltd, Tokyo, Japan) for various types of dry eye were reported. 1, 2, 23, 24 Rebamipide eye drops for dry eye are also being developed for approval in the US. In this case report, we tried treatment with topical rebamipide for two cases of LWE according to our previous study. 24 
Case report 1
The patient was a 77-year-old female, diagnosed with dry eye at another clinic and treated with sodium hyaluronate ophthalmic solution and diquafosol sodium eye drops for several weeks. She has never worn contact lenses on a regular basis. Because of lack of improvement in her subjective symptoms, she visited Maebashi Red Cross Hospital. Her ocular symptoms were dryness and blurred vision in the right eye. Slit-lamp microscopy with fluorescein staining showed diffuse corneal erosion in the superior cornea and lid wiper staining with hyperemia of the palpebral conjunctiva in the right eye ( Figure 1 , upper panels). With a diagnosis of LWE, rebamipide eye drops four times daily were prescribed and her other eye drops were discontinued. Fluorescein staining of the cornea and lid margin was remarkably improved (Figure 1 , lower panels) and subjective symptoms were reduced in 2 weeks from the start of rebamipide eye drops. Tear film break-up time (TBUT), Schirmer's 1 test, and decimal visual acuity were examined before and 2 weeks after administration of rebamipide (Table 1) . For TBUT, corneal staining with fluorescein solution was examined under standard illumination using a slit-lamp microscope with a cobalt blue filter. TBUT was measured three times using a stopwatch as the time from normal blinking to the first appearance of a dry spot in the tear film. Schirmer's 1 test was performed to measure tear volume.
Case report 2
The patient was a 71-year-old female on no medication during follow-up after cataract surgery 3 years earlier. She complained of foreign body sensation and blurred vision in the left eye and visited our hospital. Slit-lamp microscopy with fluorescein staining showed band-shaped corneal erosion in the central cornea and lid wiper staining with hyperemia of the palpebral conjunctiva in the right eye ( Figure 2 , upper panels). We diagnosed this as LWE and administered rebamipide eye drops four times daily to her right eye. Fluorescein staining of the cornea and lid margin was remarkably improved (Figure 2 , lower panels) and subjective symptoms resolved in 3 weeks. TBUT, Schirmer's 1 test, and decimal visual acuity were examined before and 3 weeks after administration of rebamipide in the same way as in case 1 ( Table 1 ). 
Discussion
Here we report the effect of rebamipide eye drops for LWE in two patients. Two to three weeks after administration of rebamipide eye drops, corneal erosions disappeared, injection and fluorescein staining of the lid wiper decreased, TBUT was extended, and symptoms were improved in both cases.
LWE is a disease concept that was reported for the first time in 2002 by Korb et al. 6 LWE was detected by ocular staining with an alteration of the marginal conjunctival epithelium of the upper eyelid that wipes the ocular surface during blinking. 6, 7 Korb et al detected LWE by ocular staining with fluorescein and lissamine green. [5] [6] [7] Because fluorescein staining is stronger than lissamine green, they graded LWE from zero to grade 3 for the horizontal length involved and the average sagittal height involved using the findings of fluorescein staining. 5 According to their grading, case 1 was grade 2 LWE (horizontal length 5-9 mm and sagittal height 50%-75%) and case 2 was grade 3 LWE (horizontal length .10 mm and sagittal height .75%).
LWE may be related to mechanical forces during blinking resulting in inflammation of the ocular surface. 8 Function within the normal structure of the eye lid is critical for wettability of the ocular surface to prevent evaporation of the normal tear film. 25 The wettability of the ocular surface and the properties of tear fluids are principal factors in precorneal tear film stability. 26, 27 In LWE, tear film stability may decrease as a result of friction between the eyelid and the ocular surface.
Membrane-associated mucins contribute to the wettability of the ocular surface. 28 The epithelium of the lid wiper is composed of larger cuboidal cells and less dense squamous cells with interspersed goblet cells. 3, 4 In LWE, secretion of mucins from goblet cells of the lid wiper itself may decrease. Rebamipide increases mucin production from conjunctival goblet cells 13, 14 and corneal epithelial cells. 15 We speculate that rebamipide increased tear stability via increased mucin secretion, which contributed to improving the corneal erosion due to LWE.
In case 1, although treatments with sodium hyaluronate ophthalmic solution and diquafosol sodium eye drops were performed before the first visit to our hospital, the patient's corneal disorders and complaints were not improved. Diquafosol sodium eye drops also increase secretion of mucins and improve tear film stability in short TBUT type of dry eye. 29, 30 In this case, the effect of diquafosol sodium eye drops was insufficient. Previous studies have demonstrated that rebamipide has various anti-inflammatory effects. 19, 22 Because LWE may be related to chronic inflammation as a 
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Itakura et al result of friction between the eyelid and the ocular surface, rebamipide may reduce this inflammation. Although sodium hyaluronate is known to suppress inflammation and diquafosol is known to downregulate inflammatory cytokine expression as well as stimulate tear and mucin secretion, the anti-inflammatory effect of rebamipide may be greater than that of sodium hyaluronate and diquafosol. Traditional anti-inflammatory agents may also be useful for LWE. Rebamipide eye drops could be an alternative treatment for LWE refractory to existing treatments and may become a first choice for patients with LWE.
Although side effects of rebamipide eye drops, including bitter taste, eye irritation, eye pruritus, and blurred vision, have been reported, there were no side effects in our two cases. However, in this report, the number of patients was very small and there was no control group. Further investigations should be carried out in a larger number of cases with a control group.
LWE can be included in dry eye or meibomian gland dysfunction. Several methods have been used to treat LWE, including lubricants, anti-inflammatory agents, and treatments for meibomian gland dysfunction. The tear film is composed of a lipid layer overlying an aqueous layer that is a mixture of lacrimal fluid and mucins. 9 Lipids secreted from the meibomian gland serve as the lipid layer. Blinking is related to meibomian gland function. 31 Meibography can assess the relationship between morphologic changes and the eyelid and tear film parameters. 32 Meibography may also be useful for examining meibomian gland function with LWE. Application of a low-dose lipid ointment may improve dry eye. 33 As our previous report concerning the effect of rebamipide eye drops on corneal disorders in mild lagophthalmos, 24 the combination of ointments, artificial tears, and rebamipide eye drops may be a more appropriate approach to treating LWE.
